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Abstract
We carried out 12CO(J = 1− 0) observations toward bar and arm regions of strongly barred
galaxies, NGC 1300 and NGC 5383, with the Nobeyama 45-m radio telescope (beamsize
of 1− 2 kpc in the galaxies). The aim of the observations is to qualitatively examine a new
scenario for the suppression of star formation in bars based on recent high-resolution numerical
simulations: higher speed collisions between molecular clouds in the bar region compared with
the arm region suppress the massive star formation. CO emissions were detected from all the
regions, indicating the presence of the molecular gases in the strong bars without associating
clear HII regions. In both galaxies, the velocity width of the CO line profile tends to be larger in
the bar region than in the arm region, which is qualitatively consistent with the new scenario.
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1 Introduction
Galaxies have been evolving by converting gas into stars. In the
present-day universe, stars form mostly in spiral arms as well
as in the central region of a galaxy. In spiral arms, stars form in
giant molecular clouds (GMCs); their masses are ∼ 105−6 M⊙
and sizes are∼ 10−100 pc (e.g., Solomon et al. 1987). GMCs
coexist with dust lanes, and HII regions are associated with the
dust lanes (e.g., M51; Schinnerer et al. 2013; Colombo et al.
2014). This is usually interpreted in terms of the spiral den-
sity wave; the gases go into the spiral density wave, then dense
shocked gas regions form in the spiral arms which result in the
formation of GMCs. In the GMCs, stars form and the massive
stars produce HII regions.
However, star formation in bar regions of typical strongly
barred galaxies is different from that in spiral arms. Although
there are remarkable dust lanes along the stellar bar, prominent
HII regions are often not seen. The presence of the dust lane im-
plies the existence of molecular clouds. Nevertheless, (massive)
star formation is notably absent.
What prevents star formation in bar regions? This question is
the long-standing problem, and several explanations have been
proposed. Tubbs (1982) suggested the molecular clouds may be
destroyed by shock due to the high velocity of the gases relative
to the bar structure. Athanassoula (1992) argued that strong
shear motion in a bar region prevents molecular cloud forma-
tion. Combination of the shock and the shear may be the cause
c© 2014. Astronomical Society of Japan.
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for the low star formation activity (Reynaud & Downes 1998).
Sorai et al. (2012) suggested that molecular gas in bar regions
is gravitationally unbound. However, the cause for the suppres-
sion of star formation in bar regions has not been clear.
Recent hydrodynamic numerical simulations with a very
high spatial resolution of ∼ 1.5 pc (Nimori et al. 2013;
Fujimoto et al. 2014a) revealed that GMC-like gas clouds exist
both in arms and bars in barred galaxies, and the clouds collide
with each other, which triggers star formation. The collision
velocity between the clouds is 10 ∼ 40 km s−1 in the arm and
disk regions, while in the bar region a larger (> 50 km s−1) col-
lision velocity is seen. Fujimoto et al. (2014b) proposed a new
scenario to prevent massive star formation in the bar regions:
The cloud collision forms cloud cores both in the arm region
and the bar region, but the high-speed collision of the clouds
in the bar region shortens the gas accretion phase of the cloud
cores formed, leading to suppression of core growth and mas-
sive star formation (Takahira et al. 2014; Takahira et al. 2017).
According to these results, observational keys to understanding
the star formation suppression in the bar regions are (i) identify-
ing an individual GMC-like molecular cloud in a bar region, (ii)
deriving the amount of velocity dispersion among the clouds,
and (iii) comparing them with the characteristics of molecular
gases in the arm regions.
CO observations towards nearby barred galaxies have been
made: e.g., M83 (Handa et al. 1990; Lord & Kenney
1991; Rand et al. 1999; Lundgren et al. 2004; Sakamoto et
al. 2004; Muraoka et al. 2007; Muraoka et al. 2009; Hirota
et al. 2014, etc.), NGC 1097 (Gerin et al. 1988; Hsieh et
al. 2011, etc.), NGC 1300 (Regan et al. 1999), NGC 1365
(Sandqvist et al. 1995; Sandqvist 1999), NGC 1530 (Regan
et al. 1999; Reynaud & Downes 1997; Reynaud & Downes
1998), NGC 2903 (Regan et al. 1999; Muraoka et al. 2016),
NGC 3627 (Regan et al. 1999), NGC 4303 (Momose et al.
2010), NGC 4314, NGC 5135 (Regan et al. 1999), NGC 5383
(Ohta et al. 1986; Regan et al. 1999; Sheth et al. 2000),
NGC 7479 (Sempere et al. 1995; Laine et al. 1999), and other
barred galaxies in CO surveys (Regan et al. 2001; Kuno et al.
2007; Bolatto et al. 2017). However, almost all of these ob-
servations were made with large beamsizes even with the inter-
ferometer, corresponding to a physical size of typically 1 kpc or
more. Further, many of the observations focused on the central
regions and the arm regions in the barred galaxies, and high res-
olution and high sensitivity observations of the bar regions have
been very much limited. Unfortunately, these galaxies previ-
ously observed are not necessarily suitable targets to study the
cause for the suppression of star formation activity in the bar
regions, because many of them have an intermediate-type bar
(classified as SAB or even SA) and do have star forming re-
gions associated with the bar or bar-like region.
In order to understand the cause for the suppression of the
star formation in the bar regions, CO observations of strongly
barred galaxies that do not show massive star formation in the
bar regions are important, since the effect of high-speed col-
lisions is expected to be clearly seen in such bars. Atacama
Large Millimeter/submillimeter Array (ALMA) and NOrthern
Extended Millimeter Array (NOEMA) enable us to examine the
velocity distribution among individual GMC in nearby galaxies
thanks to the high angular resolution and sensitivity. Prototype
strongly barred galaxies NGC 1300 and NGC 5383 are very
suitable laboratories to examine the properties of the molecu-
lar clouds to test the new scenario described above. In both
galaxies, remarkable dust lane is seen in the bar region with-
out prominent HII regions, while in the arm region HII regions
are associated with dust lane. Since these galaxies are com-
paratively near to us (see table 1), we can achieve a high spa-
tial resolution of 50− 70 pc, corresponding to the typical GMC
size with the ALMA/NOEMA. However, CO emission line has
not been detected towards the bar regions of both galaxies (e.g.,
Ohta et al. 1986; Regan et al. 1999).
In this paper, we report results of 12CO(J =1−0) emission
line observations of NGC 1300 and NGC 5383 with the 45-m
telescope of Nobeyama Radio Observatory (NRO) 1. The pur-
poses of the observations are (1) to detect molecular gases in the
bar regions and arm regions in NGC 1300 and NGC 5383 and
to derive masses of the molecular gases, to make further inves-
tigations with ALMA/NOEMA in the future, and (2) to derive
velocity widths of CO emissions in a beamsize (∼ 1− 2 kpc)
of the 45-m telescope, and compare the velocity widths in the
bar regions and arm regions. The purpose (2) intends to exam-
ine the scenario described by Fujimoto et al. (2014b); Figure 1
illustrates line profiles of the gases (n ≥ 100 cm−3) in the bar
and arm regions in the simulation. The bar (arm) regions are se-
lected from both sides with respect to the center of the galaxy.
Each region is taken to represent the beamsize of NRO 45-m
telescope, i.e., a circular region with a diameter of 1.0 kpc, and
we set the viewing angle of 35◦ which is the same as the inclina-
tion of NGC1300. Since the relative velocity among the clouds
in the bar regions is larger than that in the arm regions, the pro-
files in the bar regions (black and red) are much wider (Full
Width at Zero Intensity, FWZI ∼ 250 km s−1) than those in the
arm regions (blue and green) (∼ 130 km s−1). Although the
galaxy in this simulation was modeled based not on a strongly
barred galaxy but an intermediate-type one (M83), we investi-
gate whether the same tendency is qualitatively seen in observed
profiles or not.
In section 2, we describe the details of the CO observations
of NGC 1300 and NGC 5383 and show results. In section 3,
we compare resulting velocity widths in the bar regions with
1 Nobeyama Radio Observatory (NRO) is a branch of the National
Astronomical Observatory of Japan, National Institutes of Natural
Sciences.
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Fig. 1. Line profiles of the gases in the bar regions (black solid line and red
dash-dotted line) and the arm regions (blue dotted line and green dashed
line) in the simulation by Fujimoto et al. (2014a) and Fujimoto et al. (2014b).
The bar (arm) regions are selected from both sides with respect to the center
of the galaxy. Each region is a circular region with a diameter of 1.0 kpc and
the viewing angle is 35◦ which is the same as that of NGC1300. The width
of each bin is 15 km s−1. The offset of the velocity is just reflection of the
velocity field (rotation curve).
those in the arm regions. Finally, we give a summary in sec-
tion 4. Table 1 summarizes parameters of both galaxies adopted
throughout this paper.
2 Observations and Results
2.1 Observations with the Nobeyama 45-m
telescope
We carried out 12CO(J = 1 − 0) line (rest frequency =
115.271204 GHz) observations of NGC 1300 on 2016 January
31, February 1, April 24 - 25, and 2017 February 14 - 15 and
NGC 5383 on 2017 February 14 - 18 with the Nobeyama 45-
m telescope. The observed positions are shown with circles in
figure 2 superimposed on Hα images. We observed six regions
in NGC 1300. Bar A and Bar B are in the bar region where the
dust lane is most clearly seen and there are no HII regions asso-
ciated with it. Arm A and Arm B are in the arm region where
clear dust lane associated with HII regions is seen. Arm C is
also in the arm region but with no HII regions. We additionally
observed a bar end region (Bar End A) where HII regions are
seen. In NGC 5383, we observed five regions. Bar 1 and Bar
2 include dust lanes with no clear HII regions, and Arm 1 and
Arm 2 are on the dust lane with HII regions. We also observed
Bar End 1. The coordinates of the observed regions are listed in
table 2.
We used one-beam (TZ1) of the two-beam dual-polarization
(H, V) sideband-separating SIS receiver (TZ receiver:
Nakajima et al. 2013). The half-power beam width (HPBW)
was ∼ 13.5′′ which corresponds to 1.34 kpc and 2.08 kpc at
the distance of NGC 1300 and NGC 5383, respectively. The
backend was an FX-type correlator system, SAM45, which con-
sisted of 16 arrays with 4096 spectral channels each. Four ar-
rays (A1 - A4) observed polarization V, and the others (A5 -
A16) observed polarization H. The bandwidth and frequency
resolution was 2.0 GHz and 488.28 kHz, respectively, which
correspond to 5217 km s−1 and 1.27 km s−1 at 115 GHz. We
employed the position-switching mode with an on-source inte-
gration time of 20 sec per scan. The telescope pointing was
checked every ∼ 50 scans (∼ 50 min) by observing SiO masers
near the targets. The typical pointing error was 3′′ − 5′′ and
∼ 2′′ for NGC 1300 and NGC 5383, respectively. The line in-
tensity was calibrated by the chopper wheel method. The Tsys
was 350− 600 K and 200− 300 K for NGC 1300 and NGC
5383, respectively. The typical pointing error and Tsys for NGC
1300 were large due to the low elevation of 20◦ − 30◦.
2.2 Data reduction
The observed data were analyzed using the NRO reduction soft-
ware, NEWSTAR. We flagged scans taken under a wind veloc-
ity larger than 8 m s−1 and with poor baselines by inspecting
each spectrum by eye. We examined three flagging criteria to
check the robustness of our results. The percentage of flagged
data and effective on-source integration time after flagging for
each region were 10− 20 % and 0.25− 2 hr, respectively. We
combined both polarizations; we examined the various combi-
nations of the arrays for V and H to see the robustness of the re-
sults. We subtracted a baseline (second-order polynomial func-
tion with small curvature) which was determined by fitting to
the combined spectrum except for the signal frequency range.
After the baseline subtraction, we smoothed the spectrum by
binning to 10 km s−1. The image rejection ratios (side band
ratio) in the adopted frequency range were larger than 10 dB,
and hence no correction was made. We converted the antenna
temperature (T ∗A) into the main beam brightness temperature
(Tmb) using the main beam efficiency of ηmb = 0.42, where
Tmb = T
∗
A/ηmb.
2.3 Results
We detected CO emission lines from all the regions observed.
All profiles of 12CO(J = 1− 0) after binning to 10 km s−1 in
NGC 1300 and NGC 5383 are presented in figure 3 and obser-
vation results are summarized in table 2. Significant emissions
were seen in all the bar regions in NGC 1300 and NGC 5383,
indicating that the molecular gases do exist in the bar regions2.
2 Ohta et al. (1986) made CO observations toward the northwestern bar
region (mostly the same region of Bar 2) of NGC 5383 with the 45-m tele-
scope but did not detect significant emission. This is considered to be due
to the low sensitivity at that time; Tsys was much higher, the on-source time
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Table 1. Properties of NGC 1300 and NGC 5383
Coordinates of center Morphology Inclination Systemic velocitya) Distanceb) Liner scale
R.A.(J2000) Dec.(J2000) (degree) (km s−1) (Mpc) (pc arcsec−1)
NGC 1300 03h19m41s.11 −19◦24′28′′.41) SB(s)bc2) 351) 15571) 20.5 99.2
NGC 5383 13h57m04s.81 +41◦50′46′′.53) SB(s)b2) 404) 22602) 31.9 154.4
a) The local standard of rest (LSR).
b) We adopted the Hubble constant of 73 km s−1 Mpc−1.
References: 1) Lindblad et al. (1997),2) Sandage & Tammann (1981), 3) Sheth et al. (2000), 4) van der Kruit & Bosma (1978)
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Fig. 2. NGC 1300 taken with Hubble Space Telescope (F658N : Hα emission + continuum) (left). Continuum subtracted Hα image of NGC5383 (edited from
Figure 1 in Sheth et al. (2000) by courtesy of K. Sheth). Observed positions are superimposed. Circles show the beamsize of 13.5′′ of the NRO 45-m
telescope.
For the bar regions, most of the spectra show asymmetric
shapes similar to the results of the simulation (Figure 1) and
some of them show double peak structure (Bar A and Bar End
1). The CO line widths tend to be wider in the bar regions than
in the arm regions as seen in the simulation. More details are
described in section 3.
We derived velocity-integrated intensities (ICO) from the
emission shown as hatched region in figure 3, and then derived
the surface density of the molecular gas by
Σmol = αCOICO cos i (1)
where αCO is CO-to-H2 conversion factor and cos i shows
the effect of inclination of the galaxy. Here, we adopted a
αCO value of 4.36 M⊙ (K km s
−1 pc2)−1 including a fac-
tor of 1.36 to account for the presence of helium (XCO =
2.0× 1020 cm−2 (K km s−1)−1). The molecular gas mass in
the beamsize was derived by
Mmol = αCOICOpiR
2
(2)
whereR is radius of the observed region (HPBW). TheR is 670
was short (∼ 10 min.), and only one polarization was used. Non-detection
of CO emission in the bar regions in NGC 1300 and NGC 5383 by Regan
et al. (1999) and Sheth et al. (2000) is also due to the low sensitivity.
pc and 1040 pc in NGC 1300 and NGC 5383, respectively.
Resulting ICO, Σmol, Mmol in the observed positions are
shown in table 2. The molecular gas masses in the beamsize are
(1.7− 3.9)× 107M⊙ in NGC 1300 and (3.5− 20.0)× 10
7M⊙
in NGC 5383. It is worth noting that the molecular gas mass in
the bar regions may have an uncertainty. Using large velocity
gradient analysis, Sorai et al. (2012) suggested that molecular
gas in the bar regions may be gravitationally unbound and αCO
may be 0.5−0.8 times smaller than that in the arms in Maffei II.
Morokuma-Matsui et al. (2015) suggested the existence of non-
optically thick components of 12CO(1− 0) in the bar regions
may make the αCO by a factor of a few smaller than in the arm
regions in NGC 3627. Therefore, it is possible that the Σmol
andMmol in the bar regions of NGC 1300 and NGC 5383 may
be overestimated by a factor of a few.
In NGC5383, the surface densities in the bar regions are
higher than that in the arm regions by a factor of 3∼ 5, whereas
those in the bar regions and the arm regions are comparable in
NGC 1300. The cause of this difference is not clear, but it is
possible that this result shows a difference in the radial distri-
bution of molecular gases. Jogee et al. (2005), Sheth et al.
(2005), and Kuno et al. (2007) suggested that a bar component
in barred spiral galaxies drives a gas inflow, which changes the
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Table 2. Observation results
Region Coordinates of center teffon
∗)
Trms
†)
Tpeak ICO Σmol Mmol
R.A.(J2000) Dec.(J2000) (hr) (mK) (mK) (K km s−1) (M⊙ pc
−2) (107 M⊙)
NGC 1300 Bar A 3h19m38s.26 −19◦24′37′′.6 2.15 8.1 47.5 2.8± 0.3 10.2± 1.1 1.7± 0.2
Bar B 3h19m37s.10 −19◦24′31′′.9 1.11 9.5 110.8 4.7± 0.3 17.0± 1.1 2.9± 0.2
Arm A 3h19m35s.90 −19◦24′07′′.5 0.47 12.9 120.7 4.9± 0.4 17.7± 1.3 3.0± 0.2
Arm B 3h19m36s.90 −19◦23′54′′.7 1.68 11.8 69.1 3.0± 0.4 10.7± 1.4 1.8± 0.2
Arm C 3h19m36s.60 −19◦24′03′′.3 0.39 15.4 89.0 3.2± 0.4 11.4± 1.6 2.0± 0.2
Bar End A 3h19m35s.90 −19◦24′24′′.7 0.48 15.9 113.0 6.3± 0.5 22.5± 1.7 3.9± 0.3
NGC 5383 Bar 1 13h57m06s.40 +41◦50′40′′.9 0.77 8.4 135.6 13.5± 0.4 44.9± 1.4 20.0± 0.6
Bar 2 13h57m03s.10 +41◦50′59′′.6 0.27 12.2 118.3 8.6± 0.5 28.7± 1.6 12.8± 0.7
Arm 1 13h57m07s.20 +41◦50′08′′.0 2.00 5.8 43.4 2.9± 0.2 9.8± 0.8 4.3± 0.3
Arm 2 13h57m02s.70 +41◦51′24′′.3 1.88 4.9 46.3 2.3± 0.2 7.8± 0.6 3.5± 0.2
Bar End 1 13h57m08s.10 +41◦50′23′′.3 0.86 8.3 34.6 3.8± 0.4 12.7± 1.2 5.6± 0.5
∗) The effective on-source integration time.
†) 1 σ r.m.s at 10 km s−1 bin.
radial distribution of the gas. The presence of the active star for-
mation in the central region of NGC 5383 (Se´rsic 1973) may
be related to the gas inflow. It is interesting to investigate the
radial distribution of the molecular gases, but it is beyond our
scope in this paper.
3 Discussion
We derived the velocity widths in the beamsize both for simula-
tion and observations. The velocity widths used here are FWZI
and intensity-weighted velocity dispersion (σdisp). Simple
Gaussian fit would not be suitable for the estimation of the ve-
locity widths because the profiles in figure 1 and most of the
observed profiles in figure 3 show asymmetric shapes and some
of them show a double peak emission.
The σdisp is defined as the second moment of a spectrum,
σdisp =
[
Σ(vi−〈v〉)
2Tmb(vi)
ΣTmb(vi)
]1/2
(3)
where i represents each velocity bin and 〈v〉 is the intensity-
weighted mean velocity (the first moment),
〈v〉=
ΣviTmb(vi)
ΣTmb(vi)
. (4)
Firstly, we derived the velocity widths of the simulated line
profiles shown in figure 1. In the bar regions, FWZI and σdisp
of black (red) line are 210 (270) km s−1 and 38 (55) km s−1,
respectively. In the arm regions, FWZI and σdisp of blue (green)
line are 120 (150) km s−1 and 20 (29) km s−1, respectively.
The velocity widths in the bar regions are significantly larger
than those in the arm regions in the simulation.
Next, we derived the velocity widths of the observed spec-
tra. The FWZI is taken as the width of the hatched region in
figure 3. The typical uncertainty of resulting FWZI in figure 3
is estimated to be 20 ∼ 30 km s−1. The error of σdisp is calcu-
lated by considering the error propagation of equation (3) and
Trms in table 2 and is typically 10 km s
−1. The resulting ve-
locity widths are summarized in table 3 and shown in figure 4.
In NGC 1300, the mean of FWZI and σdisp of the bar (arm)
regions are 120 (83) km s−1 and 28 (17) km s−1, respectively.
In NGC 5383, the mean of FWZI and σdisp of the bar (arm) re-
gions are 190 (130) km s−1 and 42 (30) km s−1, respectively.
Thus, FWZI and σdisp in the bar regions are larger than those in
the arm regions on average in each galaxy, which is consistent
with the new scenario. Compared with the individual regions
in NGC 1300, however, the velocity width in Bar B region is
comparable to that in Arm B region, and in the Arm C region,
where no clear HII region is seen, the velocity width is smaller
than those in the Arm A, B, and the bar regions. In NGC 5383,
the velocity width in Bar 2 is comparable to those in the arm
regions.
The velocity widths in NGC 1300 and NGC 5383 show the
qualitatively similar tendency seen in the simulation (figure 1);
the velocity widths in the bar regions are larger than those in the
arm regions on average, although there are exceptions among
individual regions. Similar tendencies are seen in the previ-
ous observations toward other intermediate-type (SAB) barred
galaxies (Regan et al. 1999; Sorai et al. 2012; Morokuma-
Matsui et al. 2015; Muraoka et al. 2016).
The velocity widths in NGC 5383 are systematically larger
than those in NGC 1300, and the velocity widths in the bar
regions of NGC 1300 are comparable to those in the arm re-
gions of NGC 5383. Such a simple comparison of the velocity
widths is, however, not appropriate. The velocity widths in the
beamzsize are affected by the velocity field, the distribution of
molecular clouds, and their relative velocity among the molec-
ular clouds (σgas) in the beamsize. Since the beamsize is larger
in NGC 5383 than that in NGC 1300 in physical scale, there
are possibilities that the larger velocity range is covered and/or
wider velocity components of the molecular clouds reside in the
beamsize of NGC 5383. The molecular gas mass in the beam-
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Fig. 3. CO emission profiles in NGC 1300 and NGC 5383 obtained with Nobeyama 45-m telescope. The observed positions are shown in figure 2 with black
circles. Velocity refers to LSR velocity. The CO emission line is shown as a hatched region.
size is larger in NGC 5383 than that in NGC 1300. This may
also be related to the difference of the velocity width.
To derive σgas in the beam, we need to know the gas velocity
field and distribution of molecular clouds in the beam. However,
it is very difficult to achieve them with a single-dish telescope.
Therefore, although our results are broadly consistent with the
new scenario, concluding that the results support the new sce-
nario is premature. Observations with ALMA/NOEMA are in-
dispensable to examine the scenario.
4 Summary
We made 12CO(J = 1−0) observations toward bar and arm re-
gions of the strongly barred galaxies, NGC 1300 and NGC 5383
with the Nobeyama 45-m telescope. We detected CO emissions
from all the regions, and this indicates that the molecular gases
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Fig. 4. Velocity widths (Full Width at Zero Intensity, FWZI, and intensity-weighted velocity dispersion, σdisp) in the bar and arm regions of NGC 1300 (left panel)
and NGC 5383 (right panel). Error bars shown for the FWZI are 25 km s−1.
Table 3. Velocity widths
Region FWZI∗) σdisp
(km s−1) (km s−1)
Simulation Bar (black) 210 42
(Fig. 1) Bar (red) 270 56
Arm (blue) 120 21
Arm (green) 150 30
NGC 1300 Bar A 130 33± 9
(Fig. 3) Bar B 110 22± 7
Arm A 80 17± 9
Arm B 100 22± 12
Arm C 70 12± 10
Bar End A 90 19± 10
NGC 5383 Bar 1 240 52± 11
(Fig. 3) Bar 2 140 32± 11
Arm 1 150 34± 8
Arm 2 110 25± 6
Bar End 1 170 46± 13
∗) Typical uncertainty of resulting FWZI in figure 3 is estimated
to be 20∼ 30 km s−1 .
do exist in the strong bars with no clear HII regions. In both
galaxies, the velocity width tends to be larger in the bar region
than in the arm region, which is qualitatively consistent with the
new idea for the suppression of the star formation in the bar re-
gion, i.e., the high speed collisions of the molecular clouds in
the bar region suppress the massive star formation. However,
the trend is not so clear. Because the velocity width is affected
by the velocity field, molecular cloud distribution, and their rel-
ative velocity in the beam, further observations of higher angu-
lar resolution with ALMA/NOEMA are necessary.
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